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INTRODUCTION 


Although  the  "Standard  Method"  of  calculating  the  protection  factor  of  a 
shelter  is  well  understood  by  qualified  FSAs,  it  is  seldom  used  in  practice. 
Reasons  for  this  are  both  numerous  and  controversial , but  the  fact  remains 
that  it  is  seldom  used  in  practice. 

The  availability  of  programmable  pocket  type  calculators  in  1974-75  presented 
a new  situation.  It  seemed,  at  that  time,  that  the  pocket  computer  might 
work  in  calculating  the  PF  by  the  "Standard  Method."  Consequently,  a 
feasibility  study  was  undertaken  to  decide  this  issue. 

The  feasibility  study  was  completed  in  December  1976  and  a favorable  report 
written  and  its  recommendations  were  used  as  a basis  for  establishing  the 
objectives  of  this  project.  In  abbreviated  form  these  objectives  are: 

1)  Develop  programs  using  "Standard  Method"  and  broad  enough  to 
be  used  on  either  the  Hewlett-Packard  calculator  or  the 
Texas  Instrument  calculator. 

2)  Outline  steps  in  the  chips  that  are  programmed. 

3)  Prepare  a User's  Manual^ — 

4)  Provide  training  to  DCP^Regional  personnel.. 

It  was  decided  to  prepare  the  initial  programs  on  the  Hewlett-Packard 
Model  97  (desk  top  model).  These  identical  programs  could  also  be  used  on 
the  HP  Model  67  (pocket  type).  These  programs  had  to  undergo  significant 
changes  before  they  would  work  on  the  Texas  Instruments  calculator.  These 
changes  were  made  for  the  TI  Model  SR52.  About  30%  more  cards  are  required 
for  the  TI  model  than  is  necessary  for  the  HP  models.  It  is  interesting 
to  note  at  this  writing  that  TI  has  produced  a new  Model  59  that  will 
significantly  reduce  the  necessary  number  of  cards.  Perhaps  only  one  or 
two  would  be  required. 

The  overall  approach  was  to  develop  a single  methodology  that  could  be 
applied  to  either  the  TI  or  the  HP  calculators.  The  Individual  operation 
of  the  calculator  would  be  different  as  is  required  by  the  uniqueness  of 
the  calculators.  The  "Standard  Method's"  functional  equations  were  to  be 
used,  giving  this  aspect  100%  accuracy.  The  "Standard  Method"  requires 
the  use  of  charts  and  these  charts  had  to  be  converted  to  equations  that 
were  workable  on  the  programmed  chip.  It  is  in  these  equations  that  some 
accuracy  is  lost. 
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CHART  EQUATIONS 


There  are  a limited  number  of  steps  and  locations  for  data  in  each  card 
to  be  programned  for  use  on  the  calculators.  Consequently,  It  was  necessary 
to  convert  into  equation  form  all  information  that  is  contained  on  the 
charts  used  in  the  Standard  Method.  In  a few  cases  this  was  easily 
achieved  where  there  was  a theoretical  or  derived  basis  for  the  chart.  In 
many  cases  it  was  extremely  difficult  to  convert  the  chart  information  into 
equation  form. 

It  was  decided  that  the  accuracy  should  be  to  a + 5%  for  the  full  range  of 
the  charts.  In  many  cases  this  was  unrealistic  7or  a single  equation. 
Therefore,  where  necessary,  more  than  one  equation  was  used.  A special 
computer  program  was  prepared  to  check  the  accuracy  of  these  equations. 

This  process  was  explained  in  detail  in  the  Second  Quarterly  Report  dated 
January  5,  1977. 

Appendix  A lists  all  chart  equations  used  in  this  project. 


CARD  PROGRAMS  FOR  EQUATIONS 


It  was  apparent  from  the  feasibility  study  that  a major  consideration  in 
the  final  developed  project  would  be  the  number  of  programmed  cards 
required  for  any  PF  calculation.  The  more  cards  used,  the  larger  and  more 
cumbersome  the  process.  Therefore  efforts  were  focused  upon  programing 
cards  that  would  solve  the  equations  for  all  the  charts.  At  the  time  this 
effort  was  put  forth,  only  the  HP  calculators  were  available.  When  all 
the  equations  were  programmed  successfully  on  separate  HP  cards,  it  was 
felt  that  to  repeat  this  task  for  the  TI  cards  would  be  an  unnecessary 
duplication.  The  programs  finalized  In  this  phase  of  the  study  could  now 
be  used  as  sub-routines  of  the  master  program  that  solves  for  the  PF. 

Appendix  B contains  listings  for  all  chart  equations  programned  on  HP  cards. 


METHODOLOGY 


The  "Standard  Method"  as  described  In  TR-20  Vol.  1 Is  very  fundamental  and 
presents  an  understanding  of  the  principles  of  radiation  shielding  as  well 
as  a process  In  which  the  protection  factor  can  be  calculated.  It  Is  a 
lengthy  and  detailed  procedure  which  is  seldom  used  in  practice  other  than 
in  conjunction  with  the  SAND  program.  However,  the  so-called  "freight 
train"  function  equations  do  lend  themselves  to  an  analytical  process  that 
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can  easily  be  accomplished  on  a computer.  All  that  is  necessary  is  a 
basic  breakdown  into  parts  that  can  be  added  together  by  the  operator 
of  the  calculator. 

The  basic  approach  is  to  reference  a complete  set  of  calculations  and 
procedures  to  a single  location  of  the  detector.  If  there  is  need  for 
the  PF  to  be  referenced  to  any  other  location,  the  process  or  a similar 
process  must  be  repeated.  The  initial  breakdown  is  in  two  parts:  over- 
head contribution  and  ground  contribution. 

The  overhead  contribution  process  must  be  prepared  so  as  to  permit  calcula- 
tions for  any  general  configuration  as  well  as  for  any  variety  of  mass 
thicknesses.  This  general  case  for  overhead  contribution  is  accomplished 
by  use  of  two  chips  for  the  HP  calculators.  They  are  Tabled  0-la  and  0-2. 
The  TI  calculator  requires  the  use  of  three  chips  to  accomplish  the  same 
thing,  using  basically  the  same  methodology.  These  chips  are  labeled 
0-lal,  0-la2  and  0-2. 

Ground  contribution  calculations  require  the  use  of  separate  chips.  The 
six  HP  chips  are  labeled  GM-1,  2,  3,  4,  5 and  6 and  will  calculate  the 
ground  contribution  for  any  configuration  and  any  assembly  of  wall  and 
floor  material.  In  some  cases  not  all  six  chips  need  to  be  used.  The 
counterpart  of  these  for  the  TI  calculator  is  eight  In  number  and  labeled 
GM-T,  2,  3,  4,  5,  6,  7 and  BR.  Their  use  is  similar  to  the  HP  chips  in 
that  not  all  are  needed  all  the  time. 

The  use  of  the  above  chips  is  still  a lengthy  process,  even  with  the 
calculator  making  all  the  calculations.  Therefore  other  "sets"  of  chips 
were  prepared  for  special  conditions  that  are  frequently  met.  These  special 
sets  are  called  "express"  chips  and  are  fewer  in  number,  thereby  speeding 
up  the  process  considerably. 

The  methodology  and  detailed  use  of  these  chips  are  thoroughly  explained 
in  the  USER'S  MANUAL,  which  is  included  in  Appendix  D of  this  report. 
Detailed  examples  are  Included  in  this  manual  for  explanation  of  the 
process  as  well  as  In  checking  the  validity  of  the  chips.  Whereas  the 
basic  methodology  remains  the  same  for  both  the  HP  and  TI  calculators,  the 
detailed  use  of  each  calculator  must  be  unique  for  each.  This  calls  for 
different  step-by-step  explanation  for  each  calculator  and  is  described  in 
this  manner  in  the  manual. 


PROGRAMS  FOR  THE  METHODOLOGY 


The  development  of  the  programs  to  be  placed  in  the  chips  was  the  major 
task  of  the  project.  The  reasons  for  the  finalized  version  of  the  programs 
are  manyfold.  A major  objective  was  to  require  as  few  chips  as  possible. 
Not  only  was  the  total  number  of  chips  kept  to  a minimum  but  the  sequential 
use  of  the  chips  was  organized  In  such  a way  that  with  certain,  frequently 
encountered  conditions,  some  of  the  chips  would  be  by-passed. 
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With  but  two  conditions,  all  input  data  is  placed  when  the  first  card 
program  is  in  operation  for  either  overhead  or  ground  contribution.  The 
two  exceptions  are  for  special  barriers  for  ground  or  overhead  contribution, 
and  that  data  is  input  while  the  last  card  is  in  operation.  When  other 
cards  are  necessary  to  complete  the  calculations  they  are  called  for  by 
the  display  and  simply  fed  into  the  calculator  and  put  into  operation  by 
pressing  a continue  key. 

Some  data  that  is  input  goes  directly  to  a storage  location  while  other 
data  entries  start  a calculation  sequence,  the  results  of  which  are  put 
Into  a storage  location.  In  some  chips  the  first  input  sets  up  an  internal 
counter  in  order  to  display  the  sequence  of  additional  input  data.  These 
are  only  some  of  the  reasons  and  considerations  that  played  a part  in 
developing  the  programs.  The  programs  for  use  on  HP  chips  were  prepared  first. 
These  were  used  as  a basis  for  preparing  the  TI  chips.  Changes  were  required 
in  the  programs  because  the  make-up  and  operation  of  the  calculators  are 
different.  These  changes  were  kept  to  a minimum. 

Appendix  C contains  the  listings  for  all  the  programmed  cards.  In  the  case 
of  the  HP  chips  the  listing  was  made  from  the  printer  on  the  HP  97  model. 

To  make  these  listings  more  readable  they  have  been  annotated.  Since  the 
TI  did  not  have  the  same  capabilities,  the  listing  for  its  programs  are 
simply  shown  on  the  SR  52  coding  form. 

Jack  LeOoux  was  engaged  as  a consultant  to  this  project.  He  proceeded  to 
prepare  a new  program  for  calculating  the  contribution  to  a detector  on  a. 
wall-to-wall  basis.  This  program  was  considered  as  a back-up  for  the  main 
program  in  case  serious  obstacles  were  encountered.  His  approach  was 
unique  in  that  he  used  a chip  to  load  numerical  data  into  the  registers 
before  the  programs  for  calculating  PF  were  loaded.  This  is  a good  program 
but  is  dependent  upon  the  user  being  a master  of  the  Standard  Method.  It 
would  require  considerably  more  work  before  it  would  become  a recomnended 
program. 


TRAINING  OF  DCPA  PERSONNEL 


This  last  phase  of  the  project  was  scheduled  and  coordinated  with  DCPA  and 
regional  personnel  by  George  Goforth,  the  COTR.  There  were  four  one-day 
training  sessions.  Each  one-day  session  was  attended  by  personnel  from 
two  regions.  Each  region  was  given  a set  of  HP  cards,  a set  of  TI  cards 
and  a USER'S  MANUAL. 

• 

The  schedule  and  personnel  attending  is  given  as  follows: 
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October  14,  1977  at  Battle  Creek,  Michigan 

Region  1 Morris  Budnick 

Robert  J.  Cerasulo 
Region  4 Louis  H.  Richie 

Bruce  R.  Newhard 
Franklin  Egland 
James  A.  Colyer 
Ralph  A.  Myers 
Donald  L.  Harris 


October  27,  1977  at  Denver.  Colorado 


Region  6 

Region  5 

November  15,  1977  at 
Region  2 

< 

Region  3 

Region  1 
Visitors 


Chuck  Powell 
Jean  LePage 
Jim  McClanahan 
Monte  Mingus 
Don  Be lew 
David  Prothero 
Lyle  E.  Hebb 
Willard  D.  Froseth 
Ronald  W.  Morrison 
Charles  V.  Dansby 
Andrew  J.  Si dor 
Ray  E.  Surk 

01 ny,  Maryland 

R.  E.  Held 
Michel  S.  Pawlowski 
C.  E.  Faltot 
K.  E.  Edwards 
Jonathan  P.  Deason 
Joe  Tonkin 
Roy  Wllham 
Mike  DeLorenzo 
Mel  Schnleder 
John  Griffen 
W.  A.  Haynes  . 

Tom  Carroll 
Nick  DITullo 
John  A.  Hain 
Chuck  House 


November  22,  1977  at  Bothell,  Washington 


Region  8 


Region  7 


Barry  Roenfeldt 
Bob  Schleter 
Ron  Runlverstrom 
Joe  Dulet 
C.  B.  Corativo 
Herb  McElvaine 
John  Llndberg 
Tom  Murdock 
Ed  Kaufman 


The  reactions  from  the  people  attending  these  training  sessions  was  mixed 
but  generally  favorable.  Some  who  attended  were  not  at  all  familiar  with 
the  calculator  they  brought  to  the  training  session.  Consequently  most  of 
their  effort  was  spent  on  working  the  calculator  and  not  on  understanding 
the  new  method.  Their  opinions  were  not  of  much  value. 

Many  who  attended  had  forgotten  a great  deal  of  the  principles  of  the 
"Standard  Method."  This  was  understandable  since  most  had  taken  the  FSA 
Course  many  years  ago  and  have  never  used  it  since  they  became  FSA  qualified. 
These  people  were  used  to  working  with  the  SAND  or  the  EASY  method. 

Everyone  seemed  pleased  with  the  accuracy  of  the  new  method.  Everyone  liked 
the  idea  of  not  having  to  look  up  values  on  charts.  Nearly  everyone  appeared 
relieved  at  the  almost  eliminated  mathematical  error.  The  new  method  was 
readily  understandable  and  no  one  seriously  challenged  the  new  methodology. 

There  was  a general  consensus  that  too  many  chips  had  to  be  loaded  and  this 
took  too  much  time.  Objectionable  as  this  was,  most  indicated  that  they 
would  use  the  new  method. 


CONCLUSIONS  AND  RECOMMENDATIONS 


FSA  by  pocket  computers  is  now  a reality.  The  method  is  easy  to  understand 
and  easy  to  use  and  it  produces  an  accurate  PF  value.  The  program  cards 
and  USER'S  MANUAL  should  be  made  available  for  anyone  involved  in  shelter 
calculations. 

The  method  should  be  taught  near  the  end  of  the  regular  FSA  Course  and  it 
should  be  included  in  the  correspondence  course. 

Every  effort  should  be  made  to  keep  current  with  the  development  of  late 
model  calculators.  Many  of  the  newer  calculators  have  much  larger  memories 
and  more  program  capabilities.  It  is  probable  that  in  the  near  future  only 
one  or  two  chips  would  have  to  be  used,  even  for  the  most  complex  building. 
The  methodology  and  programs  used  in  this,  now  finished,  project  should  be 
easily  adapted  to  these  newer  models. 
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EQUATIONS  FOR  ALL  CHARTS 


SERVICES  TO  DEVELOP  POCKET  CALCULATORS  TO  PERFORM  PF  CALCULATIONS 
BY  DCPA  STANDARD  METHOD  AND  TO  PROVIDE  TRAINING  FOR  USE 


Contract  Number  DCPA01-76-C-0325 


EQUATION  USED  FOR  CHARTS 
FROM  THE  "STANDARD  METHOD 


CHART  1A;  SOLID  ANGLE  FRACTION  (Derived) 

^ » £ Tan'1 

W 

where  e ■ 

CHART  IB;  LIMITED  FIELD  SOLID  ANGLE  FRACTION  (Derived) 

**«  - t*"'1  [t] 

CHART  2:  GEOMETRY  FACTORS,  SCATTER  AND  SKY  SHINE  (Gregory) 

When  u?*.  0.7 

G -0.102  (1-uO)-465 

d 

When  0.7<-3<0.85 

Ga  - 0.148  (l-^-779 

When  0.85&i*> 

G - 0.222  (l-«a)'988 

d 


2a  V4a2+e2+l 


In  all  cases 


A-2 

CHART  3A  & 3B;  GEOMETRY  FACTOR,  Direct  (Gregory) 

Compute  Gd  * 0.923392H'-019273+0. 158403H* 230341  Lo9(1-U>) 
if  Gd^0.25 

Compute  Gd  * 0.014035H‘322605-8.630295H^-472326)Log  ^ 
if  Gd  -c.04  and  H£20 

Compute  Gd  = -0.093885H",459686-12.771735H"'694395Log ** 

CHART  4:  SHAPE  FACTOR  (Derived) 

1 + e 

e = vTTT"  where  e * f 

CHART  5;  SCATTER  FRACTION,  (Gregory) 

When  X -C  13 

Sw  X + 37 

When  13^X^35 

s 

\ X =•  34 

When  X > 35 

S . -I 

w X + 30 


CHART  6;  EXTERIOR  WALL  BARRIER  FACTOR  (LeDoux) 


Be  - [o.3e"*0408X+0.7e",0209X]  [(0.28-0.00054X)e"'00228H 

+ 0 . 3e‘ ' °°9H=* ( 0. 232+0 . 00066X ) e’ * 03H+4e" 
Where  e ■ 2.718282 

CHART  7;  INTERIOR  PARTITION  ATTENUATION  FACTORS  (Gregory) 

When  X * 20 

bJ  * 0.9885e~*037X 
When  20'£X^.90 

bJ  » 0.8001e”‘02723X 
When  X>90 

b!  - 0.53852e''02303X 

When  X£110 

B1  - 1.00316e‘*0239X 
When  X>110 

B1  - 0.7405e',02108X 


Where  e - 2.718282 


CHART  8A;  CEILING  ATTENUATION  FACTOR  (Derived) 


Bc  = (w.se-23^  (e-1X)  ♦ (3.5e-2-3“>)  (e-04X) 


Where  e * 2.718282 

CHART  88;  FLOOR  ATTENUATION  FACTOR  (Gregory) 

When  2.5<iX£10 

Bf  = 0.8287X-'3999 
When  X^  2.5 


Bf  - e--2248x 
When  X^io 


* (10"‘00938X)  - 38 


Where  e * 2.718282 

CHART  9;  OVERHEAD  CONTRIBUTION  (LeDoux) 


A- 4 


C0  - Q.322e~* 02239  CX+dX0l  J)l.Q3~.Q0Q46Xo 
When  1 

0 

When  J2.1 

AX0*  (1.3-1.6e'-0l674Xo)  (30.3jM-.234JT*7345) 
1f  XQ  » 0 

and  If  CQ  as  calculated  above  Is 
0.0011<C0-c  0.17 

then  use 

CQ  - (CQ)  (0.9) 

In  all  cases  e ■ 2.718282 
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CHART  10 A;  LIMITED  FIELD  BARRIER  FACTOR 


When  X * 0 

Bs  * 0.2323(2w54)1,05 
When  X > 0 

Bs  - (0.279e-0223X)(2^)  9764X'21S7 

If  Bs  as  calculated  above^.  0.002 
and  20 ^ X^75  Than  use 
Bs  • 1.2BS 

CHART  10B;  LIMITED  FIELD  HEIGHT  FACTOR 

- (o.22^L 

If  2u7,  ■ lt  Use  as  calculated  above 
If  H 1 3 and  2uJ,>0.84 
Use  F$  « 0.9F$ 

If  H *40  and  0.84*2*0.96 
Use  F$  • 1.1F$ 

In  all  other  cases 

Use  Fs  » 1.05FS 

CHART  11;  PASSAGEWAYS  AND  SHAFTS  (Gregory) 

Passageways 

C - 5*O,60S 
Shafts 

When  «5>0.9 

C - 0. 86906 oD5’ 98015 
When  0.75£td«0.9 

C « 0.6233.2  2,70493 

When  0.345^  i2<  0.75 

C - 0.413572 1-35544 

When  _J*0. 345  _ 

C - 2.872  u)1-0177 


APPENDIX  B 
to 

FINAL  REPORT 


CARD  PROGRAMS  FOR  EQUATIONS 

(HP  cards  only) 


SERVICES  TO  DEVELOP  POCKET  CALCULATORS  TO  PERFORM  PF  CALCULATIONS 
BY  DCPA  STANDARD  METHOD  AND  TO  PROVIDE  TRAINING  FOR  USE 


Contract  Number  DCPA01-76-C-0325 


4 


CHART  10A  LIMITED  FIELD  BARRIER  FACTOR  fi-14 


CHART  10B  LIMITED  FIELD  HEIGHT  FACTOR 


B-15 

COMMENTS 


t 


APPENDIX  C 
to 

FINAL  REPORT 


SERVICES  TO  DEVELOP  POCKET  CALCULATORS  TO  PERFORM  PF  CALCULATIONS 
BY  DCPA  STANDARD  METHOD  AND  TO  PROVIDE  TRAINING  FOR  USE 


Contract  Number  DCPA01-76-C-Q325  ' 


«THP  key  entry  key  code 


CARD  0-lb  Co,  CENTER  DETECTOR 

'COMMENTS  STEP  KEY  ENTRY 


C-3 


KEY  CODE 


COMMENTS 


r 


CARD  D-lb  (Continued) 

STEP  KEY  ENTFY  KEY  CODE  ' ~ 'COMMENTS  'STEP  KEY  ENTRY  “KEY  CODE  "COMMENTS' 


bb-tk  si  <J«  s 


STEP  KEY  ENTRY  KEY  CODE 


AH  ~LEL£- 
115  STDS 


CARD  GH-1  (Continued) 

-COMMENTS  ~ STEP  ' -KEY  ENTRY  " HCEY  CODE 


117  ST OS 


GSBe  £3  16  1 


127  GSBe  23  16  1 


GSBe  £3  It  1 


R 


133  RCL7 


135  ~CSBe~£3j£j „ 

136  RCLS  36  B3 

137~~  CS£e~l3~l£' 15 
138  T SS 16-T1 


141  5706  357c 

142  FiS  ~T~. le-Tl 


144  *LBLe~21 1615 

145 —  1SZI~1616  46 

146 —  tn~i£-z£2: 

147  XCB? 16-15 

148  - ZF1 -16U  T1 


We  *-z. 
S*.-e  Z-r 


•set  4*d«fre*~  rr^iit *** 
CPMKtt**  "to  IZq 

fcso  — * 

( 

( u>UTL  *K  S>L.i) 

gs  I 

-Rxl  — £>CZj-zJ 
C^oz) 

P-0 

- *a  C*0 

- — 

yt  p+j/s  t*—1 

_*2j_tui  ixe 
g«r*-16Pi^ 

•9&t  r pm/itt**- 


COMMENTS 


e^/L ■ 

a-.  ^ ■ 

if-  pus  l »e* 
is  negi.t  ive 


SdK-e  <3 


return 


J30  *LBLE  TJ  33 

1S1~ST01  35  W 


17 — PRTX 


-2J5  — R/f 


«4fc— ®C^*0 


r*it»re  R* 

« ‘ ■*•**•' 

-J*»P  1*3 
9 


rrrji 


FLAGS 


FLAGS 


ON  OFF 


SET  STATUS 

TRIG 

DISP 

DEG  □ 

FIX  C 

GRAD  □ 

SCI  □ 

RAD  □ 

ENG  O 

STEP  KEY  ENTRY  KEY  CODE 


0C 1 &LD^h 


005  RCLD_  36  14 
886  CSS6  23  16  14 


005  Eh'T  1 

810  EtxTt 


CARD  GM-2  £g,  DETAIL -WALL  PORTION 

^COMMENTS  STEP  -KEY  ENTRY  ~ “KEY  CODE 


C o<~iputt  Sur  (Ac) 
Sfck'e  in  R3 


Com(iut-<  3u/-(X«.) 


compute  t (p) 


kV' s 
t//i* 
/<& 


COMMENTS 


is  srtn 


821  kl12 

822  2CL6 


824 STDS 


jt*f«  in  &■ : 


1 *LBL3 


833  —ST07 
034  — ST08 


-836 


045  —STOt  -22:16-15 

650  — CTOc  - 22  16  -13 

— 051  -s LBLt  21  16  115 


if  «P0i  > 

fc  -L8L  3 


initUiue 

Ait-, 

AnA  t£  i 

— : r ~ ■:  • 

'•>*“)  r«3,<te 


If  3-t-Zj^.O 

Stor^  ^tU-Lruj- 

5„  D.  4.0Le 


jo  To  i.®L# 


Gt  * O iota  JJBlC 


LBUlLdJl 


7— SSBb-23  16-12 
B ~ST*B  35-55  00 
5 ' «CL0  36  00 


LABELS 


181  SSBb  23  16  12 

182  ~SUB  35-45  00 
-103  STOS  •-  22  8B 
-104  ~*LBL9  -1 — 21  -0? 


PC  - 


08  —PRTX 


— 118  *LBL8 


12 SFC 


FLAGS 


C-Ofrpotg  Gc  _ 

■ ~ ^ 

TV 

& & 

^ v' 


£*s  — <3c 


if  Rit>  < o 

£*e«  co  to  3 

©t> 

go  tic  L8t-  1 
eltc  ute  I or  2 
M . 


,aW4  <>«. 
to  gjT 
if  S„«£C? 

f<u>i  east  2n»-3 
_2®_to  L.S  L 2. 
e<i*  c»«  l, 

C t (La*  a.)  K*s 


JuktUfcT 

(*5«ia0 

-f T»m  V2*7 
c*»e  2 of  3 


AlJ  Gs 

to  l?,c 


C*  *e  3 


6j^l J 

AMfa'tfCcT- 

G*  ~ 

fl-#IK  2»  S 

C.A  tg  / «««/ 
C#t  pc.nww 

J 

-V 

+*o  o/UotX 


SET  STATUS 

FLAGS  TRIG 

DtSP 

2 □ n 


DEG 

O 

GRAO  □ 

RAD 

□ 

STEP  KEY  ENTRY  KEY  CODE 


CARD  6M-2  (Continuted)  - 

COMMENTS  STEP  KEY  ENTRY  KEY  CODE 


»eej(  el'it-ecX 


C.O*~ipwt&  6 
i«i/e 

if  i+>  ,~7 

~mo  to  -LSI  S 


— -LBL-i* 

-fir  «S-  ^ «Z> 
■c»*np<4t‘e 


£*enputrt  ’&*. 


169  _£S6a 


177  S706 


186  RCLl 


152 

£706 

22  ee 

153 

4 

04 

154 

-S7+0 

-35-55  B0 

155 

*CLJ 

3£  46 

156 

«y? 

16-35 

159 

5755 

£2  06 

195 

3 

63 

191 

57+5 

35-55  66 

193 

4LBL0 

£1  60 

193 

RCLl 

36  46 

194 

RCLl 

- 36  46 

195 

RCL8 

36  66 

198  RTN 


COMMENTS 


-j-f  X > 3i- 

X.  -L8l  o 

U<E 


r-f  X2t  13 

jo  -t<i  ~L3i-  O 
«SE  3 V 


- -7< 

Vi"  ' 

: <*« "... 


REGISTERS 


5 


pn: 


•TEP  KEY  ENTRY  KEY  CODE 


66 1 *LELh 


BBS RCL5 

MS  X~Y? 


812  X<6? 

1 

813  ST04 

015  STOe 
€ 16  ST 05 
81 7 *LBL4 


826  RCL 


CARD  GM-3  Cg.  DETAIL  HALL  PORTION 

COMMENTS  «TEP  KEY  ENTRY  KEY  COOE 


SS.t'C  -i*<  "4«i 


COMMENTS 


to  J.OL  & 
if  •Pli^-O 
at)  ta  L&m 


eite  use  _ 

■*$ 


? 4 

120  SSBe  13  liTTS 

4 

127  5T+9  -35-55  T9 

— 

128  RCL0  "36  B2 

1 

129 — SSBe  ~Z3~16  31 

1 

130  ST-9  ~~ 35-45  T9 

131  "*LBL6  '“f  "21  ”06 

J 

132 PrS””””le-'51  — 

uo  art  16-31 

4 

134  4 -p 

4 

4.“' 

B35  PP.TX  -1 

— 836  R7N  2 

4 

tus  ~9LBLe  ~Zl^t  IS 

i — -838  --STO0  - 75  26 

l__2 

139 1 1 0 

• 

r— « 

Ml  *=0?  3c-4 

5 

3 

l j 

M2  RTN  — 2 

4 

> i 

M3 — RCL£  — 30~3 

3 

I • 

W • 

M3  0 TJ 

0 

046  ~1 — ! ~B 

1 

047 3 — j 8 

1 

No 3 — V 

W 

>50  t*  31 

>51  . -62 

>52 9 — i 09 

1 

>53 2 ••• 02 

>54 3 ! 07 

I -- 

>55  4 1 04 

f 

» 

>58  x ; -35 

if  u>c~>  ">*-1 
C#  -i.  Si.  5 -- 
else.  **se 
|PC  U>LX 


• Gj  CA} 


-*«**»■*  e-Y- 

- -JSJ.  C&t.s) 

"•fr*  w RjS 
-f  i*is  Xcd 


s-fen 


6.)  spin j 
fttgwm  If1 

«5M4tT 


£p>— I f*V±-C.  jSjf  _ 


F 

031  3CV  " -41 

”032  JCT?  “ It-74 

093 RTN  7 24 


GJl 


4»>-  ■'*+  rA3 

^e.'t  -i^ck  AA  c»lc. 

*-f  Cj  >.ZS 

♦*e“t  ur« 


■e^se  e«rHj*ute  ^ 

'™_.: 

1 VA 


1 

2 

3 

Si 

S2 

S3 

IT 

i 

ss 

S6 

S7 

CARD  GM-4  Cg,  DETAIL  #ALL  PORTION 


CTCP  KEY  ENTBY  KEY  CODE 


twi  *LBLh 


BB2  2TB£ 


BB5  . RCL5 


»e  9 rcl: 


COMMENTS 


STEP  *CEY  ENTBY  -KEY  CODE 


012 

C SSt 

_23. 

16 

13 

013 

ST06 

35 

ee 

014 

RCLD 

36 

14" 

015 

'CSBc 

23 

16 

13 

01  £ 

STCI 

35 

01 

'017 

RCL7 

36 

07 

010 

RCL1 

36 

01 

'01S 

X 

- 

■35 

020 

-RCL7 

3£ 

07 

B2 5 RCL3 


843  RCL5 


'ess  r 

'856  RCL4' 


sat'g  •" 

S.  M 


g — Se  £*-0 


Add 

(I-  5wW) 

«.CA^-8e0wJ 

X‘tl-»0  t* 


(l  - S 

-X  O-Rt)  £♦ 


LABELS 


~ COMMENTS 


(l  S UT  V.  * <0  ) 

xCOit-ecT . 

-t*  *• 


067 

RCL5 

. _ 3°  e? 

868 

X 

-7P 

869 

S7+8 

35-55  00' 

672  *£L5 


075 

CT03 

22  03  ~ 

476 

RCLZ 

"3£  02 

077 

STx6 

35-35  00  ~ 

on  *tx*k 


it  *Rt  — I no  M.S. 

f » to  A At  3 
Ro  in  Si-Aa. 

— *3 
■fro<jr*m  5* 

ncfij  M.  S. 


888  RCL8 


9 


890  rzs 

891  XCLI 


2 


€93  RCU  - -36 

894  - x — 35 

B95  WCLS  T 3e  B6 

— 1 ■ ■ ■■  — .t* 

— “897  -ST+0  35-55  00 


093  RCLi 


103  KL5 


FLAGS 


FLAGS 


ON  OFF 


3 cM 

(jtii  • Be  CX«V) 
X CE  - 

X &-H.)  T*  *• 


aJJ 

X (f.  - Sur(*2))  ■ 

x (?-o  ^ e* 


Ce>tie  Z 
-a*»W  -C^*i 


SET  STATUS 


TRIG  DISP 


DEG  D FIX  □ 
GRAD  □ | SCI  □ 
RAD  □ 


STEP  KEY  ENTRY  KEY  CODE 


CARD  GM-5  Cg,  DETAIL  WALL  PORTION 

COMMENTS  STEP  KEY  ENTRY  KEY  CODE 


C-15 

COMMENTS 


i»de  Z 


c»wp»t(  Bj 
__ZjPs 

if 

±t> 

■fev  _Xe  ^ ^ -• 
£,»mf»u  te  _! 


125 

~RCL5 

126 

_ XrV? 

12? 

~~£705 

"326  “CTW 

123 

*LBL5 

136 

2 

131 

6 

132 

XsT? 

133 

ET06 

~134~STD4 22  W 

135  *LEL£  21  06 
13 6~  RCL2  ' 3 £ 02~ 

137  j— 0j- 


i*f  „ ooz  > B, 
to  LtlL  3 

re"C*»>-rt 


if 

"£p  i St  3" 

e.(ie 

if  :Xe 

-£p  i-B£  <p 

e/ye  +-*.turn 
Y £ f*j  rn 

-Cj— 

Compute.  Ps 


- -Ti/  O 

vi* 

-* 


1*1  2.-2 


if  2.  \ 

(■frtk  **1 

•££►4,  1-SL  7 


LABELS 


172 

£T0c 

££ 

Jc 

173 

174 

HOLE 

26 

175 

x*y? 

16 

176 

£T0c 

22' 

16 

Six?  35-35  0 


181  *L£Lc  21  1£J  2 

182  ~ *CL£ “38  J 5 


107 

2CLE  - 

7r  tr 
JC  i k/ 

100 

4 

04 

105 

0 

~ 00 

156 

'x>y?  -7 

16-34 

55  RCLT6 


—201  — X>Y? 36-34 

“202  IT08  ' 22  00 


— STx2  35-35  0 


S SLELE 


FLAGS 


VP 

f-  *<  * *i  F( 

Vf 

H > 

2 <DS  ^ 
ii.  kvJ 

.#</  ^ 2-VD, 
fiA  c*i 


e^t  e 

jt  — v.^r  ^ 


FLAGS 


ON  OFF 


SET  STATUS 


TRIG 


□ PD 


CARD  SM-6  Cg,  DETAIL  WALL  PORTION  c~17 


STEP  KEY  ENTRY  KEY  CODE  COMMENTS  *T*P  KEY  ENTRY  KEY  CODE  COMMENTS 


CARD  6E-1  Cg, 

DETECTOR  STORY 

c- 

KEY  ENTRY  KEY  CODE 

•COMMENTS 

«TEP  KEY  ENTRY  KEY  CODE 

COMMENTS 

061  -~*LEL&  -Zi-1£~L1 

002  - -STOB 35  il 

603  — xrr a 

664  STOh 35  11 


17 — STOo 


b 020 


i h t 
t ^/l 

•Si'*  ^ 

_9« 

1x0  • 

---6  c 


if  X;^ 


-A57 K7>i 

-056  -*LEi_4 
■059  — S7u3 


bi  — 5705 


— £704 


875 

RCL4 

076 

RCL3 

077 

- 

878 

RCL5 

input  o' 
Input 
- i * p«T 

•Compute  d t 


C.o**)putC.  fit  Z. 


936  X>Y? 


939  *LBL1 


946  lHS 


- 856 


•;f  *i.  *>  nt> 

C^mpn't*- 

- /'.: 


fci-Az 


182  *LBL3  ~i  23~83 

183  FCL3  — 36TJ5 


185 — FCL4 
T06 ** 


•4^  ^ >-3  — 

L-2.(~+g)- 

W-  2-^j 


/_=-  z la 


055  *LEL2 


111  STO 


REGISTERS 


5 


IE 


STEP  XgY  £.TP?Y  KEY  CODE 


CARD  GE-1  (Continued) 

• COMMENTS  ~~  -STEP  ~ "KEY  ENTRY  ~ "iCEY  CODE 


COMMENTS 


«TEP  KEY  ENTRY  KEY  CODE 


661  *l£^h 


tun . ocJH 

-M4  ^C£Bt_-£J  Jt  J5 

.MZ SIDS 2Z  £S 

866  _ RCL6 2£  M 


CARD  GE-3  Cg , DETECTOR  STORY  - 

COMMENTS  - - ' «THP  KEY  ENTRY  KEY  CODE 


>'  :: 

> TV 

- 

— 

'r-tj 

' 1 

■ - 

1 

2 

Si 

S2 

REGISTERS 


5 

6 

S5  _ _ 

S6 

C-23 

COMMENTS 


• lie  H - 3 


if 

- O 


for  ^ 3 
^e-T  i>+c.k  Oj.  c»-/c. 


;-T 


— re*6u*-" 


e(%e  c.o*np«-tt 


•V 

^ ** 


A9  * 
TV 
-Ai 
-*i 

- — 

* 

- 


/'■f  <S4  >.  oH 

Ok, 


elte 

;+  zo±  n 


KEY  ENTRY  KEY  CODE 


flei 


.002 EL  5 

-M4  __£S£a_23-J£  JJ 
.085  _S7C5  „ J2Z  05 

08b R2L4 36  24 

88? _Z2  16  1 

888  ST- 5 _ 35-45  B 

889  RCL2  36  C 


8ifi_8S5*  _ZZ 
811  ST  *9  35 


tARD  GE-4  Cg,  DETECTOR  STORY 

COMMENTS  8TEP  KEY  ENTRY  KEY  CODE 


co^t  i>iu  e 

o«t  r«ji 


COMMENTS 


STx5  35-35  0 


831  kELZ  3b  B2 

832  SSBt  "23  13  12 
H33  ” ST +7  ^35-55  07 
834  RCL0  3d  03 


7 RCLC 33  17 


840  RCLC 

841 

842  - ~ms 


3 ' - 


849— HELD 


■852 — RCLC 


G>-(<2c'l  ~ G^l) 
;£*.**■  •" 

confute  6*. 
gva«-C.»CiOfcU<U^) 


1 ._m£ 


804  .me 


80S  _ST0C  35  J3 

870  JEL5  : 33.85 

071  STAB  35  J2 


2 


-x  [e 

< f6j  (PO 


073 

ms 

074 

_.m 3 

075 

X 

070 

~ ROLL 

077 

RCL4 

879  fiCLA 


804  *CLB 

805  RCL4 


068  RCLB 


4 ( 5c<. ' 




s^=[g}PO  •»&,**«)  * 

~'r*jj5  — - 

4-  ,1 

x[£"S-6u>(*-»-X4 
•*  (cy>+)+Gjr$ ] 


055  PkTX 


857  rRTX 


855  «L8U  21  16  11 
188  STOE'  ~Z5  15 


*nj  r. 


-t,  t«L3 


REGISTERS 


6 

... 

S6 

C-37 


TITLE 


C-38 


SB  52 

PROGRAM,  for^tw 


6M-  (p 


SR  52 


C-46 


TITLE  6M  -7  (cofitin u e J ^ 


SR 


C-48 


Program, 


TITLE 


Q ■£  - 9«- 


C-53 


I!  //D  I “ 


RCL  '43 


9* 


TITLE  6£-Y 


C-57 


TITLE  (3E-5* 


C-59 


C-60 


G E -S  {c*n£fK*&d 


SR  52 


'RO&RA.M  f-  n r^YVv 


c to 


W I 


0 


* 05 


\&C? ! 0 oo 


-*ZT*J 


•f/L  M 


- m 

Sle 


f 

I 
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UNCLASSIFIED  NL 
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— 

— 

i i i 
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iii 

END 

DATE 

FUMED 

7 -78 

DOC 


Jack  LeDoux's  Process 


£-61 


reload  All  Registers  as  follows: 


Cg  Process 
~ Xard  1 - 

Cg  Process 
■ ~ Xerd  2 

% 

. ... 

...  — - 



- 
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-t.889S 
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-4.666C 

Zii.ZZit 
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J 88.3268 

/ 

ta.im 

2 
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4».0J4£ 

3 
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i 

8.8686 
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4 

- 

£.8886 

5 
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£ 

£.8881 

m 

« 
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i 

£.7988 

7 

5.7588 
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4 

.17 .4888 

e 

17.4686 

B 

i 
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r 
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8 
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' 6.8686 

£ 
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6.6666 ~ 

1 

! r. 


i for  program  listing. 
* — * 


C-62 


Jack  LeDoux^  Process 


Program  Listing 


— I • 1 

£51 

+ 

.er 

202 

rm.5 

Z£  05 

251 

7 

-rr 

*-to 

« '.r. 

P52 

Yr 

o'* 

162 

X 

-Tr 

152 

CT“r 

V-  1 W. 

rr 

ar? 

i*w*/ 

RCLi 

3c*  12 

‘ .203 

€* 

77 

tor  to 

153 

RZJt 

3£  25 

-31 

054 

pap 

' 7£  06 
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a 

01 

154 

RCLC 

2£  17 

..-455 
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.rr 

--405 

. ->— « — 

-£2 

- -255 

4 

•-—55 

— 

75  P D 

856 

pri  7 

Ai^2 

3£  02 

* i 0o 

0 

-Pf 

156 

STOC 

Tr  «• 
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t‘C*l 

X 

-25 
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X 

157 

KTH 

_ 4 » 

7i 

65£ 

ex 

32 

168 

CHS 

_77 

156 

*LELE 

7*  f r 

«-  * 4 to 

_T« 

055 

X 

-35  ; 

its 

• 1 

01 

155 

STOE 

Tr  *r» 

to- w 4 to 

£££ 

RCLJ 

36  01 
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l££ 

*4 

-21 

35  p: 
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